This study introduces the speech and language technologies used in the educational assistant robots that we developed for language learning and exploring the affective effects of robot-assisted language learning (RALL). To achieve this purpose, a course was designed in which students have meaningful interaction with intelligent robots in an immersive environment. A total of 24 elementary students, ranging in age over 9-13, were enrolled in English lessons. Descriptive statistics and pre-test/post-test design were used to investigate the affective effects of RALL approach. The result showed that RALL is promoting and improving students' satisfaction, interest, confidence, and motivation at the significance level of 0.01.
INTRODUCTION
It is a fact that the private English education fee in Korea, reaching up to 16 trillion won annually, adds a great burden to Korean economy, resulting in countless articles overflowing in the media on strengthening the public education system that focuses on enhancing students' speaking ability to straighten out their hunchbacked English ability compared with the excessive grammar knowledge. This shows clear evidence for the necessity for changing our current foreign language education system in public schools which mainly focuses on vocabulary memorization and grammar-translation methodology. Although there have been enormous investments into English education all around the world, not many differences have been made to change the rote learning style in English instruction. In addition, computer-assisted language learning (CALL) is in the center of interest. Numerous CALL studies have been striving for developing advanced language learning environments, including free speech communication, corrective feedback, and student modeling. However, these efforts still fall short of providing persistent motivation for learners to reach the high proficiency levels in foreign language learning.
Considering the shortcomings for the current teachinglearning methodology, we have been investigating English learning robots using speech and language processing technology in immersion context based on the assumptions of second language acquisition theory and practice. Through the robots, foreign language learners practice English conversation in natural contexts and are provided with corrective feedback based on the error correction procedures. Unlike other CALL approaches, the robots were designed with speech functions, face expressions, and face recognition to show human-like behavior, allowing learners to get positive affective effects, including satisfaction, interest, confidence, and motivation. A major purpose of this investigation is to estimate the magnitude of the contributions that robot-assisted language learning (RALL) makes to learners' affective factors.
The remainder of this paper is structured as follows. Section 2 briefly describes related studies. Section 3 introduces the technologies for Human Robot Interaction (HRI). Section 4 presents the detailed description of experimental design. The results and discussion follow in Section 5. Finally, Section 6 gives our conclusion.
RELATED WORK

Second Language Acquisition Theory
Since the advent of Second Language Acquisition (SLA), a number of crucial factors have been revealed for improving students' productive conversational skills: 1) comprehensible input [1] , 2) comprehensible output [2] , 3) corrective feedback [3] , and 4) motivation and attitude [4] .
In relation to oral understanding, accumulated work on the process of listening suggests that comprehension can only occur when the listener places what she or he hears in context, i.e. the knowledge of who the participants are, the setting, the topic and even the purpose. Hence it has become clear that in giving students comprehension activities out of context we set them a difficult task. While comprehensible input is invaluable to the acquisition process, it is not sufficient for students to fully develop their L2 proficiency. The output hypothesis claims that production makes the learner move from 'semantic processing' prevalent in comprehension to more 'syntactic processing' that is necessary for improving accuracy in their interlanguage. Specifically, producing output is one way of testing one's hypotheses about the L2. Learners can judge the comprehensibility and linguistic well-formedness of their interlanguage utterances against feedback obtained from their interlocutors, leading them to recognize what they do not know, or know only partially.
On the other hand, it has been argued that corrective feedback plays a beneficial role in facilitating the acquisition of certain L2 forms which may be difficult to learn through input alone, including forms that are rare, are low in perceptual salience, are semantically redundant, do not typically lead to communication breakdown, or lack a clear form-meaning relationship.
Motivation and attitude is another crucial factor in L2 achievement. For this reason it is important to identify both the types and combinations of motivation that assist in the successful acquisition of a foreign language. In order to make the language learning process a more motivating experience, researchers need to put a great deal of thought into developing programs which maintain students' interest and have obtainable short term goals. The use of an interesting computer-based method can help to increase the motivation level of students, and computer-based learning has an advantage over human-based learning in that it seems to give a more relaxed atmosphere for language learning.
There have been few serious attempts to provide students with natural contexts that embody most of the aforementioned attributes.
Related Research Projects
In Japan, the educational use of robots has been studied, mostly with Robovie in elementary schools, focusing on English language learning [5] . Robovie has behavior episodes with some English dialogues. To identify the effects of a robot in English language learning, the researchers placed a robot in an elementary school, and compared the frequency of students' interaction with the English test score. The students who showed a lot of interest at the starting phase had a significantly elevated English score. This implies that robot-aided English learning can be effective for students' motivation.
IROBI was recently introduced by Yujin Robotics in Korea. IROBI is both an educational and home robot, containing many features. IROBI was used in [6] to compare the effects of non-computer-based media and web-based instruction with the effects of robot-assisted learning for children. Robot-assisted learning is thought to improve children's concentration, interest, and academic achievement.
It is also thought to be more user-friendly than other types of instructional media.
Studies on robot-aided education are still relatively new and most are in the early stages in a starting phase. Therefore, many attempts need to be made to investigate the effects of their use.
HUMAN ROBOT INTERACTION (HRI) TECHNOLOGY
POSTECH and KIST's Center for Intelligent Robotics (CIR) cooperating in developing robots as educational assistant, called Mero and Engkey. Mero is the head-only robot. The penguin-like robot Engkey is 80cm tall and weighs 90kg. The main theme of Engkey's development is the depth of attachment to the robot as the time user spends with the robot passes. The perception of emotional expressions plays a crucial role in human robot interaction. Mero and Engkey were designed with expressive faces that can represent different emotions: like, dislike, neutrality, hope, fear, joy, distress, surprise, embarrassment, pride, shame, and sadness. By virtue of its movable body, Engkey can also make diverse gestures by conducting a series of facial and body motions in accordance with the meaning of a verbal response, including winking, yawning, cheering, and sulking ( Fig. 1 ).
Automatic Speech Recognition
Speech recognition is performed by the DARE recognizer [7] , a speaker independent real-time speech recognizer. Since data is costly for a fully trained acoustic model for a specific accent, we have used a small amount of transcribed Korean children's speech (17 hours) to adapt acoustic models that were originally trained on the Wall Street Journal corpus using standard adaptation techniques, both of maximum likelihood linear regression (MLLR) and maximum a posteriori (MAP) adaptation. The occurrence of pronunciation variants was detected with a speech recognizer in forced-alignment using a lexicon expanded according to all the possible substitutions between confusable phonemes. Korean speakers tend to replace the following consonants with the correspondingly similar consonants and the following eight pronunciation variants of vowels are common to Korean speakers (Table 1) .
Language understanding
Since language learners commit numerous and diverse errors, a system should be able to understand language learners' utterances in spite of these obstacles. To accomplish this purpose, rule-based systems usually anticipate error types and hand-craft a large number of error rules, but this approach makes these methods sensitive to unexpected errors and diverse error combinations. Therefore we statistically infer the actual learners' intention by taking not only the utterance itself but also the dialog context into consideration, as human tutors do (Fig. 2) . The intention recognizer is a hybrid model of the dialog state model and the utterance model.
To predict the user intention from the utterance itself, we use the maximum entropy model [8] trained on linguistically-motivated features:
Lexical word features: Lexical word features consist of lexical tri-grams using current, previous, and next lexical words. They are important features, but the lexical words appearing in training data are limited, so data sparseness problems can arise. POS tag features: POS tag features also include POS tag tri-grams matching the lexical features. POS tag features provide generalization power over the lexical features. The task of predicting the probable user intention in a given dialog context can be viewed as searching the dialog context space for cases that are similar to the current one and then inferring the expected user intention from the user intentions of the dialog contexts found. Therefore, we can formulate the task as the k-nearest neighbors (KNN) problem [9] with some enhancements. Our representation of a dialog context consists of diverse pieces of discourse and subtask information as shown in Table 2 .
When the learner speaks, the utterance model elicits nbest hypotheses of the learner's intention which are then reranked by the results of the dialog state model. The detailed algorithm is described in [10] .
Dialog Management
The dialog manager generates system responses according to the learner's intention and generates corrective feedback if needed. Dialog management is performed by RavenClaw [11] . The RavenClaw dialog management framework enforces a clear separation between the domain-specific and the domain-independent aspects of the dialog control logic. System developers focus exclusively on specifying the domain-specific aspects which are captured by the dialog task specification, essentially a hierarchical-plan for the interaction. Fig. 3 depicts the top portion of the dialog task specification for the Shopping domain. In parallel, the RavenClaw dialog engine automatically ensures a rich set of conversational behaviors, such as error-handling, timing and turn-taking, etc.
When it is desirable to offer corrective feedback, Engkey provides fluent utterances which realize the learner's intention. Corrective feedback generation takes two steps (Fig. 4) 
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Fig. 3. A portion of the dialog task tree for the Shopping system
Database (EED) using the learner's intention as the search key. 2) Example Selection: the dialog manager selects the best example which maximizes the similarity to the learner's utterance based on lexico-semantic pattern matching. If the example expression is not equal to the learner's utterance, the dialog manager suggests the example as recast feedback and conducts a clarification request to induce learners to modify their utterance. Sometimes, students have no idea about what to say and they cannot continue the dialog. In such a case, timeout occurs and the utterance model does not generate hypotheses. Hence, the dialog manager searches EED with only the result of the dialog state model and suggests the retrieved expression so that students can use it to continue a conversation.
EXPERIMENTAL DESIGN
We performed a field study at a Korean elementary school to investigate the affective effects of the educational robots. The following subsections describe the method of the study in more detail.
Setting and Participants
A total of 24 elementary students, enrolled in English lessons two days a week for a total of about two hours and they had chant and dance time on Wednesdays extended over eight weeks during the winter vacation. But three students did not complete the study, resulting in a total of 21 students who completed the study. The students participated in this study were recruited by the teachers of the school and divided into two groups, beginner-level group and intermediate-level group, according to the score of the pretest. They ranged in grade over 2-6; in general, there are six grades in a Korean elementary school. All of them were South Korean and all spoke Korean as their first language and were learners of English as a foreign language. None of the participants had been to a country where English is spoken natively, such as United States and United Kingdom, with a medium length of stay, which may indicate that this was a sample of limited English proficiency. Fig. 6 shows the layout of the classroom: 1) PC room where students prepare lessons by watching digital contents, 2) Pronunciation training room where the robot Mero performs automatic scoring of pronunciation quality for students' speech and provides feedback, 3) Fruit and vegetable store, and 4) Stationery store where the robot Engkey takes the role of the sales clerk and the student is acting like a customer.
Material and Treatment
The researcher produced training materials which include a total of 68 lessons with 17 lessons for each combination of the level, beginner and intermediate, and the theme, fruit and vegetable store and stationery store. Among other things, the course includes small talks, homework checking, purchase, exchange, refund. Participants in this course should become thoroughly trained in various shopping situations. With this aim in mind, when dealing with task assignment, the instructors proceeded in subtle gradations, moving from the simple to the complex. Throughout the course of the study, each student was asked to enter four rooms in the order of PC room, Pronunciation training room, Fruit and vegetable store, and Stationery store whereby students are gradually exposed to more active oral linguistic activities.
Data Collection and Analysis
To investigate the effects of RALL on affective factors, a questionnaire was designed by 10 teachers and experts in evaluation of educational programs. It consisted of some personal information and 52 statements in accordance with four-point Likert scale, which had a sliding answer scale of 1-4, ranging from "strongly disagree" to "strongly agree", without a neutral option. Mean and standard deviation were used to evaluate the effect on students' satisfaction, whereas a pre-test/post-test method was used for other factors. The internal consistency estimates of reliability, Cronbach's alpha, was computed to indicate satisfactory reliability (Table 3 ).
RESULTS AND DISCUSSION
As it is shown in Table 4 , the students were highly satisfied in using robots for language learning. In comparison to the other questions, the questions about the robot's outer appearance (e.g., "The robot's body looks comfortable for moving around in a classroom" and "The robot's facial expression looks comfortable to you) and voice (e.g., You like the robot's voice) showed the lowest level of satisfaction, showing the need to develop a more anthropomorphic appearance and a natural voice.
The students' responses to the questions about interest in learning English on pre-and post-test are presented in Table 5 , showing a large improvement of interest with significance level of 0.01. Except for the questions "You want to talk with other people in English" and "You think English is easier and more familiar than before," all the others had scores of more than three. The former result implies that the robot draws more students' interest as a conversation partner than does a human. It agrees with the findings of previous studies that a feeling of discomfort was more related to students' participation in face-to-face traditional conversations and less to participation in robotassisted learning. The latter might be because engaging in studying English for only one month is not enough to get familiar with listening and speaking English.
A significantly large increase of confidence was found in the responses to the questions about confidence with English on pre-and post-test with significance level of 0.01 (Table 6 ). This also can be attributed to the fact that using robot-assisted learning allowed the students to make academic achievement and get confidence through repeated exercises in a relaxed atmosphere. However, relatively low scores were given to the questions related to individual level of fear or anxiety associated with either real or anticipated communication with another person or persons (e.g., "You are not afraid of speaking English," "You are not afraid of being questioned by the English teacher," and "You feel no shame about your English mistakes"). Therefore robots should help students have the feeling that they can learn the foreign language well by using more encouragement and praise. Classroom atmosphere is very important; it should be delightful, lively, friendly and harmonious to help students overcome their psychological barriers, and lower their anxiety. Robots should also tolerate some small mistakes made by students only if those mistakes do not affect the communication process because this can release pressure and strengthen their confidence.
The responses to the questions about motivation for learning English are presented in Table 7 . There has been a large enhancement of motivation, with significance level of 0.01. Interestingly, there was a relatively large increase of score for the question "You are aware of the necessity of studying English" compared to the small difference for the question "You recognize the importance of English to your present and future life." It may mean that the experience of having conversation with a robot transformed the necessity of English from socio-cultural demands to lively and realistic matters. The low score of the questions related to preparing to study English may illustrate that traditional education doesn't work for the new generation of children ("Net Generation" or "Digital Natives").
CONCLUSION
Recent development of robot-related technologies has drawn attention to the utilization of robots in real life, and increased interest in robots can give students integrative motivation to have a successful conversation with a robot. In this study, we introduced the HRI technologies that we used to implement educational assistant robots. To investigate on the affective effects of robot-assisted learning, a course was designed in which students have meaningful interaction with intelligent robots in an immersive environment. The experimental results showed that robot-assisted language learning can be enjoyable and fruitful activity to students. Although the results of this study bring us a step closer to understanding RALL, the results are only valid for Korean elementary students.
